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ABSTRACT 
I conducted a study of the relationship between prey availability and foraging habitat selection of 
Indiana bats (Myotis sodalis), big brown bats (Eptesicus fuscus), eastern red bats (Lasiurus 
borealis) and evening bats (Nycticeius humeralis) in an urban-rural landscape matrix of 
southwestern Indianapolis.  Insects were collected from nine different habitat types found within 
the range of these species.  Insect data were collected from 2006 to 2008 using sticky traps 
placed in each habitat type.  Habitat types were ranked by importance to each bat species (based 
on previous studies) and then compared to the average number of prey insects captured per 
habitat sticky trap.  Only the average number of insects captured per habitat sticky trap that were 
big brown bat and eastern red bat prey varied significantly between all nine habitat types.  The 
average number of prey insects captured per habitat sticky trap that were Indiana bat, big brown 
bat, eastern red bat and evening bat prey were strongly significantly different between sampling 
dates within seasons.  The average number of prey insects captured per habitat sticky trap that 
were big brown bat and evening bat prey varied significantly between sampling dates between 
seasons.  The average number of prey insects per habitat type did not correlate significantly with 
habitat selection by any of the four bat species. 
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Introduction 
 
Accumulating evidence suggests that bat species differ in their responses to urban 
development (Kurta and Teramino 1992; Duchamp et al. 2004; Sparks et al. 2005b; Walters et al. 
2007; but see Gehrt and Chelsvig 2003, 2004).  Most species avoid urban areas, while others, 
such as the big brown bat (Eptesicus fuscus), readily use urbanized habitats (Duchamp et al. 
2004).  For example, the federally endangered Indiana bat (Myotis sodalis) feeds in and over 
woodlands, agricultural fields and scattered homes while avoiding more heavily developed urban 
areas (Sparks et al. 2005a,b).  At the same sites, similar patterns of habitat use were found for 
evening bats (Nycticeius humeralis) (Duchamp et al. 2004) and eastern red bats (Lasiurus 
borealis) (Walters et al. 2007).  Thus, it is likely that loss of rural areas to development causes 
declines in bat populations.  Although habitat use has been measured, little is known about why 
bats utilize foraging habitats differently and why some species avoid foraging in urban areas.  
Hypotheses include roost availability, human-caused disturbance factors, interspecific 
competition and prey availability.  This study examines the last hypothesis, namely the effect of 
habitat-level prey availability on foraging habitat selection by four species of insectivorous bats 
in an urban-rural landscape matrix in southwestern Indianapolis, Indiana. 
First, I review four hypotheses that have been proposed to explain why bats avoid 
urbanized areas.  I review these hypotheses because, at some level, they are all considered factors 
which influence the foraging behavior of bats.     2 
 
Four hypotheses to explain differences in foraging habitat preferences of insectivorous bats 
in urban-rural landscapes. 
1.  Roost availability is the largest determinant of bat species distribution 
(Humphrey 1977).  Bats spend most of the daylight hours roosting and leave to forage  
between dusk and dawn.  Tree roosting species, such as the Indiana bat and evening bat, mainly 
roost in large dead or dying trees.  Selective removal of such trees from urban areas eliminates 
potential roosts for many species including the Indiana bat (Pierson 1999).  If availability of 
roosts is the key factor in habitat selection, then bats should avoid urban areas because suitable 
roost trees are absent.  Furthermore, absence of suitable roosts should mean that bats are not 
present, even when suitable foraging areas are.   
Studies of several species with small home ranges have shown that diurnal roost trees are 
often located adjacent to foraging areas or connected to them by corridors.  Eastern red bats 
living in a fragmented urban-rural landscape in southwestern Indianapolis were found to have 
very small home ranges, despite having wing morphology adapted for long distance flight 
(Walters et al. 2007).  In this study, it was proposed that the bats roosted in areas that were 
adjacent to suitable foraging habitat, thus reducing the need for long distance travel (Walters 
2007).  Studies of Indiana bats in southwestern Indianapolis found that they frequently utilize 
riparian corridors to travel between roosts and foraging areas (Sparks et al. 2005).  The use of 
corridors to traverse fragmented landscapes is a behavior documented by other studies as well  
(Estrada and Coates-Estrada 2001, Murray and Kurta 2004).  Humphery et al. (1977) noted that 
Indiana bats can have several roost trees in their home ranges, and that nursing females choose 
roosts in close proximity to foraging areas.  Thus, it seems likely that roost availability is the    3 
 
most significant factor in habitat selection but, for many sensitive species, is closely tied to 
availability of suitable foraging habitat.   
2.  Some bats avoid foraging in urban areas because these areas contain more 
environmental disturbances than less developed rural areas.  Human-caused disturbance 
factors include artificial lighting and large open areas.  Nocturnal activity of bats enables them to 
avoid predation by diurnal predatory birds (Speakman 1991, 1995; Jones et al. 2003). High light 
levels and lack of escape cover may expose flying bats to aerial predators.  Therefore, bats may 
avoid these types of disturbances.   If this is correct, then bats should avoid foraging in areas with 
high artificial light levels or large open spaces even when suitable prey is available.  However, 
while some bat species, or individuals of some species, do derive a large percentage of their prey 
from around streetlights (Rich and Longcore 2005), bats in this study area are not known to do 
so.  Bats in this study area do, however, use a variety of habitats and it would be possible to 
study the use of open spaces.  If large open spaces are a deterrent to foraging bats, then bats 
should avoid these types of areas even when suitable prey is available. 
3.  Interspecific competition for food and resources causes bat species to use 
foraging habitats differently.   Bat species differ in their ability to exploit scarce resources, 
namely food and roosts, in hostile environments (Avila-Flores et al. 2005).  The success of some  
species makes it more difficult for less adaptable species to co-exist with them in an urban 
environment, even though they may co-exist in rural environments.  Some species have physical  
or behavioral traits which allow them to more efficiently utilize areas where resources may be 
difficult to access.  This is notably so in highly fragmented landscapes.  Short, broad wings are 
adapted for foraging in cluttered habitats, such as forest, but are also associated with reduced    4 
 
flight efficiency and higher energetic cost (Norberg and Rayner 1987).  Norberg and Rayner 
(1987) found that evening bats are less efficient fliers than big brown bats due to the structure of 
their wings.  Duchamp et al. (2004) found that, although evening bats from a colony in 
southwestern Indianapolis used the same types of foraging habitats as big brown bats, evening 
bats mainly foraged in locations that were in close proximity to their roosts.  Greater flight 
efficiency is correlated with the ability of these stronger fliers to better exploit fragmented 
habitats where resources may require long distance travel to access (Duchamp et al 2004).  This 
ties into the roost availability hypothesis mentioned earlier.  In their natural habitat, weaker but 
maneuverable fliers may have an advantage over stronger, but less maneuverable species.  
Though these weaker fliers may not be disadvantaged when suitable natural habitat is accessible, 
the presence of urbanization between roosts and foraging areas may create a hostile barrier that 
some bats are unwilling or unable to traverse.  The strong correlation between wing morphology 
and conservation status found by Jones et al. (2003) supports this contention.   
4.  Some bats avoid foraging in urban areas because there are not enough prey 
insects.  The prey availability hypothesis states that some bats avoid foraging in urban areas 
because there are not enough prey insects.  If availability of prey is a determining factor in 
foraging habitat selection, bats should be attracted to areas containing large numbers of prey-type 
insects.  Further, areas most heavily used by foraging bats should be those that contain the most 
prey insects.  For example, in Mexico City, insect abundance varies significantly between urban  
landscape types and bats forage in areas of high insect abundance (Avila-Flores and Fenton 
2005).  However, this hypothesis has not been examined in urban-rural areas of Indiana, even 
though there are data available about where bats go and what they eat.     5 
 
Next, I review the diets and foraging behaviors of bats in Indiana and how they relate to 
the prey availability hypothesis. 
Foods eaten by bats in Indiana 
The diets of bats in Indiana generally consist of beetles, moths, hymenopterans, flies and 
true bugs, but percent volumes of insect types consumed varies among species (Whitaker 2004).   
Big brown bats feed mainly on beetles and true bugs (Whitaker 1995, 2004).  In fact, 65-70% of 
the diets of big brown bats in Indiana consist of beetle species which are agricultural pests, likely 
an adaptation to human environments containing reduced insect diversity (Whitaker 1995).  
Evening bats at the same locations feed on similar foods but include more moths (Whitaker et al. 
1992; Whitaker 2004).  Eastern red bats at the same locations feed mainly on moths as well as 
some beetles and homopterans (Whitaker 2004).  Despite having limited diets, these species 
likely still retain their ability to take advantage of a wider variety of insect types when 
availability changes (Whitaker 2004).  By comparison, local myotine species, such as Indiana 
bats, little brown bats and northern long-eared bats feed mainly on flies, moths and beetles as 
well as some true bugs (Whitaker 2004).  For instance, Indiana bats consume mainly flies and 
moths as well as small beetles and true bugs (Whitaker 2004, Tuttle et al. 2006).  Variation in 
diet is one reason these species can coexist in the same habitats; variation in habitat preference is 
another reason.  
Where bats forage in Indiana 
Studies have shown that many bat species prefer certain foraging habitat characteristics 
(Duchamp et al. 2004, Elmore et al. 2005, Sparks et al. 2005b, Walters et al. 2007).  This is true 
for most species occurring in Indiana.  For instance, a study of habitat use by Indiana bats    6 
 
(Sparks et al. 2005b) at the Indianapolis International Airport shows significant preference for 
forest and agricultural habitats over other habitats (especially urban development and open 
water) within their home ranges.  At the same location, evening bats forage mainly in  
agricultural and forest habitats, but use urban habitats more than Indiana bats (Duchamp et al. 
2004).  Big brown bats use all available habitats according to their availability (i.e., they do not 
discriminate) with the exception of urban habitats, which are used less than availability would 
dictate (Duchamp et al. 2004).  Eastern red bats at this location mainly forage in forest and 
agricultural areas, as well as some grassland, open water and parks but significantly avoid 
commercial and transportation sites (Walters et al. 2007). 
Availability of preferred habitat influences species abundance.  Urban areas support 
lower bat abundance than rural and natural habitats (Kurta and Teramino 1992; Sparks et al. 
1998).  Kurta and Teramino (1992) concluded that even large areas of natural habitat in urban 
localities support lower bat abundance than similar rural habitats.  Sparks et al. (1998) compared 
differences in population trends of bat species between a large, relatively undisturbed habitat in 
west-central Indiana and a fragmented urban-rural landscape matrix in central Indiana.  They  
found larger populations of woodland species, including evening bat, Indiana myotis, northern 
myotis and eastern pipistrelle living in the undisturbed habitat than in the fragmented one, even 
after a large swath of forest was removed from the undisturbed habitat.  Big brown bats, a 
species which roosts in human-produced structures, were more abundant in the fragmented 
habitat.   
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Foraging habitat and insect abundance relationship 
The relationship between insect abundance and where bats forage is more complex than 
bats simply going to areas of abundant food.  Although somewhat opportunistic, taking 
advantage of available patches of insects (Belwood and Fenton 1976; Fenton and Morris 1976; 
Bell 1980, Whitaker 2004), there is clearly some selection taking place, as shown by previous 
studies (Whitaker 2004, Whitaker 1994).  Results from a study of prey selection in a forested 
bottomland habitat in west-central Indiana showed that, while most bats take advantage of 
different groups of available insects, they differentially select from these (Whitaker 2004).  The 
contention that bats differentially select prey is further supported by a study (Whitaker 1995) 
which estimated that the proportion of beetles and true bugs consumed by big brown bats and 
evening bats from maternity colonies in Illinois and Indiana is probably much greater than 
expected according to their availability.  In the same study, the two bat species were found to 
consume moths and flies proportionally less than their expected availability.  In other words, bats 
discriminate between available insect types. 
As indicated above, bats in Indiana tend to avoid urban areas and forage selectively from 
different groups of prey but does the availability of preferred prey influence foraging habitat 
selection?  To date, the hypothesis that habitat-specific prey availability influences foraging 
habitat selection by bats has not been tested for species occurring in urban- 
rural landscapes in Indiana.  This is because habitat specific data on insect abundance in Indiana 
have not yet been collected.  
The purpose of this study was to test the prey availability hypothesis.  The first step was 
to determine how the major foods of bats vary across an urban-rural landscape matrix.  The    8 
 
second step was to determine whether these variations correlated with known patterns of 
foraging habitat selection for four species of insectivorous bat living in such a landscape. 
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Materials and Methods 
 
This study was conducted in an urban-rural landscape matrix in and around habitat 
conservation areas owned by the Indianapolis International Airport Authority (henceforth 
referred to as IND) in Marion and Hendricks counties, Indiana.  This study focused on Indiana 
bats, big brown bats, evening bats and eastern red bats because site specific habitat use data were 
available for those species.  To determine the diet of Indiana bats in this study area, I (Tuttle et 
al. 2006) conducted a diet analysis at IND during 2004.   This diet analysis was conducted by 
collecting guano from beneath a single maternity roost.  Pellet contents were estimated as 
percent volume and percent frequency occurrence of identified prey items.  I compared the 
results to data from other parts of their range (Brack and LaVal 1985; Kurta and Whitaker 1998; 
Murray and Kurta 2002).  I found many of the same insect species as well as similarity at the 
family and ordinal levels.  Therefore, I believed that diet studies from other sites in Indiana could 
be used to compare food availability to habitat selection for other common bat species at IND.   
Next, I determined food availability by collecting insects from habitats available to 
foraging bats at IND.  During the 2005 summer field season, I tested a method of sampling 
insects utilizing sticky trap poles.  In this study, traps consisted of nine 13 cm x 20 cm index 
cards coated with Tanglefoot Insect Trap ®, raised on a 5 m flagpole and spaced at 0.5 m 
intervals using a rope and pulley (Figure 1).  This method sampled insects available to bats in 
flight as well as near the ground. The height range chosen roughly approximated the range at   10 
 
which bats are typically captured in mist nets.  Henceforth, the term “sticky traps” will refer to 
poles with sticky cards attached and “sticky trap poles” will refer to the pole structure only 
(when cards are not attached and insects are not being collected).   
To collect nocturnal insects using sticky traps, I first selected nine different landscape 
types within the range of Indiana bats, big brown bats, red bats and evening bats near IND.  The 
landscape types, previously identified and used by Sparks et al. (2005) and Duchamp et al. 
(2004) were: 1) forest (closed canopy woodlots including those associated with riparian streams), 
2) agriculture, 3)  grassland (un-maintained grassland and grazed pastures) 4), low density 
residential (residential homes on one or more acres of land), 5) park (large areas of mowed 
grassland including city parks and recreational areas), 6) high density residential (homes 
occurring on less than one acre and often in large-scale developments), 7) open water (ponds and 
streams without closed forest canopy cover), 8) commercial (warehouse blocks, strip malls, and 
industrial zones).  The ninth category was transportation corridors (mainly highway medians and 
roadways near the airfields), a category Sparks et al. (2005) previously combined with 
commercial habitat.  Also, I will henceforth refer to pasture as grassland because all of the 
sampling sites within my pasture category were hay fields and unmaintained grassy fields, unlike 
the Sparks et al. (2005) study, in which pasture included some livestock pastures.   
All of these landscape types represent active or potential foraging habitats for Indiana 
bats and other local species that occur in this urban-rural interface.   
Sampling locations were selected within each of these landscape classes using a land 
cover map of the IND study area (USGS) in ArcView
® version 3.2.  Locations were selected by 
randomly generating one-thousand points within a polygon feature constrained by a land class   11 
 
parameter.  Only habitat types identified by Sparks et al. (2005) in the selected study area were 
used.  During 2005, I used 1 sampling location per habitat class and pulled new sampling 
locations from the generated list for each new sampling episode.  During the 2006-2008 field 
seasons I used the same sticky trap design but selected 3 permanent sampling locations for each 
habitat class (= 27 locations) (Figure 2).  One sticky trap pole was installed permanently at each 
of these locations.  Two locations were lost due to a change in land owner preference and a 
safety concern.  These were replaced with new sites for a total of 29 sampling locations in 9 
habitat classes. 
Having permanent poles, versus transporting them to the sampling locations and setting 
them up each time, allowed me to decrease the time gap between activating each trap, thus 
reducing bias associated with some traps being activated longer than others.   This method also 
helped me increase the frequency of sampling episodes per season.  Because of these differences 
in sampling site selection, 2005 insect data were not used.   
In some cases a selected GPS coordinate was found to be unsuitable due to overhanging 
tree limbs, inaccessibility, safety issues, etc.  In these cases I chose the nearest functional 
location.  I tried not to alter vegetation surrounding the poles unless it interfered with the traps 
(thorns, thick grass, etc.).     
Sampling took place mid-May through mid-October, when migratory and resident 
species were expected to be present.  Sampling dates were chosen opportunistically as weather 
allowed.  The three sets of sites were sampled in rotation.  During a sampling episode, which 
took place over 1-2 nights, I sampled 9 sites, one from each habitat type.  During the next 
sampling episode, typically 1-2 weeks later, I sampled another 9 sites, using the next site for   12 
 
each habitat.  During the next sampling episode, I sampled the final of the sites for each habitat 
type.  In this way, in 3 samples I would sample all 27 sites (3 each for each habitat type).  For the 
next sample, I would start over again with the first set of locations. 
The procedure for a sampling episode consisted of 1) attaching sticky cards to the pole in 
those locations within 2 hours before sundown, and 2) collecting the cards between 4:30 a.m. and 
sunrise.  Sticky cards were prepared before a sampling episode and covered with plastic wrap to 
keep them clean.  Sampling began when the plastic covering was removed from the cards and 
ended when they were removed from the pole and covered with plastic again.   
Next, I analyzed the sticky trap cards by identifying and counting the insects that had 
been captured on them.  All nine sticky cards on a single pole were counted as one sample 
representing the habitat.  All cards of a sample were analyzed at the same time.  Insects on sticky 
cards were identified under a dissecting microscope.  Cards were usually analyzed within three 
weeks of collection to prevent deterioration of the insects. Collected insects were identified to 
the lowest taxonomic level possible, usually family.    
From the basic data set, a subset of data was created for each bat species based on their 
known major foods.  These species-specific data sets were created by screening out non-prey 
insects, based on their major foods.  To screen insect data, I first excluded diurnal insect species.   
and those not detected in diet analyses.  Second, I excluded any insect species not likely to be 
eaten by a bat because they are too small (less than 0.5 mm) or too large (based on smallest and 
largest insects detected in diet analyses).  Orders and families were only screened within these 
parameters.  Finally, I created species-specific subsets of these data sets containing only the 
major food items of the bats.  Major food items were insects that made up more than 2% of the   13 
 
percent volume of insects found to be consumed by bats in the previous diet analyses.  Each of 
the major food insects are presented in the final results as average number captured on sticky 
traps in each habitat type for Indiana bats, big brown bats, red bats and evening bats. 
These data were then compared to the food and foraging ranges of various species of 
common bats at IND.   Overall sample variation was shown by plotting insect capture rate  
against several factors, including season and habitat type.  To test whether the mean number of 
prey insects is affected by habitat type, I conducted a 1-way ANOVA, followed by a multiple 
comparisons test.  Because the diets and foraging habits of bats are different, I conducted these 
tests on each species-specific subset of data. 
Prey availability (from sticky trap samples) was compared to patterns of habitat use 
already determined by radio telemetry for Indiana bats (Sparks et al. 2005), big brown bats 
(Duchamp et al. 2004), eastern red bats (Walters et al. 2007) and evening bats (Duchamp et al. 
2004) near the Indianapolis airport.  Foraging ranges of these bats were previously determined 
by tracking them to and from roost trees (Duchamp et al. 2004; Sparks et al. 2005b; Walters et 
al. 2007).  Buffers (maximum distance flown by a bat) were then established around each roost 
tree to determine the percentage of each land class available for foraging. Then, individual bats 
were radio-tracked during foraging to determine what percentage of each land class the bats used 
(95% minimum convex polygon).  For each bat species, I examined the correlation between prey 
abundance (mean insects per sticky pole sample, the independent variable) and the ratio of used 
to available habitat (the dependent variable) using a Spearman rank correlation test. 
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To do the correlation, I used the rank importance of each habitat as determined by the 
aforementioned telemetry studies (Tables 1-4).  I calculated ranks for Indiana bats by dividing 
the percentage of available habitat types used by the percent of each habitat type available.  
Habitat use ranks were already available from previous studies for other species (Duchamp et al. 
2004; Walters et al. 2007).  Because these bat species use the same habitats in the study area, 
only one insect data set was needed.  However, not all of the references from which habitat use 
rankings were obtained used the same habitat categories.  Therefore, it was necessary to combine 
insect data for some habitat categories in order to conduct correlation analyses for individual bat 
species.  For Indiana bats, transportation and commercial data were combined into a 
“commercial” category.  For big brown bats, high density residential and commercial data were 
combined into a category called “urban,” agriculture and grasslands data were combined into an 
“agriculture” category and park data were combined with low-density residential data into a “low 
density residential” category.   For evening bats, grassland and agriculture data were combined 
into an “agriculture” category, high density residential and commercial data were combined into 
an “urban” category and park and low density residential data were combined into a “low density 
residential” category. 
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Results 
 
From the one set of insect data that was collected from the sticky traps in the nine 
habitats, I created a subset of data for each bat species based on their major foods.  Tables 5-8 
show the total and average numbers of prey insects captured per sticky trap that are the major 
foods of the bats.  I used these tailored data sets to answer the following questions for each of the 
bat species: 
1.  What types of prey insects are in each of the nine habitat types?   
2.  How do the nine habitats compare to each other in terms of the average number 
of prey insects captured by sticky traps?  
3.  Does the average number of insects captured on sticky traps vary seasonally? 
4.  How does the average number of prey insects in each habitat correlate with 
where bats forage? 
First, I present the major food insect types captured on the sticky traps.  Then I present 
the total number of each type of prey insect captured on sticky traps.  Next, I compare the 
average number of prey insects captured on the sticky traps in each of the nine habitats.  I used 
an ANOVA to test for significant variations in average number of prey insects between habitat 
types and a nested ANOVA to test for significant seasonal variation.  Finally, I compare the 
average number of prey insects captured on sticky traps in each of the habitats to the importance  
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of each habitat to the bats using a Spearman Correlation.  The results for each of the four species 
of bats are presented below. 
Indiana bats 
Major foods 
From a previous study, the major foods of Indiana bats (by percent volume diet) are 
moths (Lepidoptera), unidentified flies (Diptera), snout beetles (curculionidae), ichneumonid 
wasps, unidentified insects and carabid beetles (Tuttle et al. 2006) (Table 5).   
Major foods captured on sticky traps 
Of these major foods, flies were the most commonly captured insect on sticky traps at 
IND, followed by carabid beetles, unidentified insects, moths, snout beetles and ichneumonid 
wasps (table 5).  
Comparison of the major foods captured on sticky traps by habitat  
Flies, by far the most common insect captured on sticky traps in all nine habitats, were 
most common in park and grassland habitats.  Open water and agriculture also had a high 
abundance of flies compared to the other habitats.  Unidentified insects and carabid beetles are 
also worth mentioning.  While not notably abundant in most habitats compared to the other 
insects, carabid beetles were markedly more abundant in agriculture.  Unidentified insects were 
abundant in agriculture and open water.  Moths were notably more abundant in low-density 
residential and open water (table 5) habitats compared to the other habitats.  Numbers of snout 
beetles and ichneumonid wasps were similar across all the habitats.  
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Agricultural habitat had the highest average number of prey insects captured per sticky 
trap, followed by open water, grassland, park, low-density residential, high-density residential, 
transportation, forest and commercial (Table 5). 
There was some variation between the average number of prey insects captured on sticky 
traps in each habitat type (figure 3).  However, an ANOVA test showed that the average number 
of prey insects captured per sticky trap did not vary significantly between habitat types (F= 1.86, 
P= 0.069, df= 8).   
Seasonal variation in the number of prey insects captured on sticky traps 
The average number of prey insects captured on sticky traps varied most between dates 
within seasons and slightly less so between seasons (figure 4).  Nested ANOVA results showed 
that the average number of insects captured per sticky trap on each sampling date was strongly 
significantly different between dates within seasons (F= 3.45, P= <0.001, df= 15) but was not 
significantly different between seasons (F= 2.19, P= 0.146, df=2).  
Do Indiana bats select habitats with the most prey insects? 
The availability of prey insects in each habitat type did not correlate significantly with 
habitat selection (Figure 5a). 
Big brown bats 
Major foods  
From a previous study, the major foods of big brown bats (by percent volume diet) are 
spotted cucumber beetles (Diabrotica undecimpunctata), carabid beetles, scarabaeid beetles, 
unidentified beetles, stink bugs (Pentatomidae), leafhoppers (Cicadellidae), ichneumonid wasps 
and brown lacewings (Hemerobiidae) (Whitaker 2004) (Table 6).    18 
 
Major foods captured on sticky traps 
Of these major foods of this species, leafhoppers and unidentified beetles were the most 
common insects captured on sticky traps at IND, followed by carabid beetles, scarabaeid beetles, 
cucumber beetles, ichneumonid wasps and brown lacewings (table 6).  Stink bugs were not 
captured in any habitat.   
Comparison of the major foods captured on sticky traps by habitat 
Leafhoppers, the most common of the insects that are big brown bat prey captured on 
sticky traps, were most abundant over open water, grassland, agriculture and high-density 
residential habitats.  Compared to the other insects, leafhoppers were the most abundant insect in 
all habitats except forest and transportation.  Unidentified beetles were also highly abundant 
compared to other insects and were notably abundant in agriculture habitat. Carabid beetles were 
notably abundant in agriculture, though not in the other habitats compared to the other insects.  
The other insect types occurred in very small numbers and were not notably abundant in any one 
habitat (table 6). 
Agriculture had the highest average number of prey insects captured per sticky trap   
followed by open water, grassland, high-density residential, park, commercial, forest, low-
density residential and transportation (Table 6). 
Figure 6 shows that there was some variation between the average number of prey insects 
captured on sticky traps in each habitat type.  An ANOVA test confirmed that the average 
number of prey insects captured per sticky trap did vary slightly significantly between habitat 
types (F= 1.99, P= 0.05, df= 8).  A post-hoc test comparing individual habitats showed that  
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agriculture habitat had significantly more prey insects than transportation, low-density 
residential, forest, commercial and park habitats (Table 7a).  
Seasonal variation in the number of prey insects captured on sticky traps 
The average number prey insects captured on sticky traps during each sampling date 
varied most between dates within seasons and slightly less so between seasons (figure 7).  Nested 
ANOVA results confirmed that the average number of prey insects captured per sticky trap on 
each sampling date varied strongly significantly between dates within seasons (F= 3.08, P= 
<0.001, df= 15) and slightly significantly between seasons (F=4.43, P= 0.032, df= 2). 
Do big brown bats select habitats with the most prey insects? 
The availability of prey insects in each habitat type did not correlate significantly with 
habitat selection (Figure 5b). 
Eastern red bats 
Major foods  
From a previous study, the major foods of red bats (by percent volume diet) are moths, 
leafhoppers, scarabaeid beetles, crickets (Gryllidae), unidentified flies, brown lacewings and 
unidentified beetles (Whitaker 2004) (Table 8). 
Major food items captured on sticky traps 
Of the major foods of this species, unidentified flies were the most common insects 
captured on sticky traps at IND, followed by leafhoppers, unidentified beetles, moths, scarabaeid 
beetles, crickets and brown lacewings (Table 8).   
 
  20 
 
Comparison of the major foods captured on sticky traps by habitat 
The most common of the insects that are eastern red bat prey captured on sticky traps 
were unidentified flies.  Flies were the most abundant prey insect in all nine habitats compared to 
other prey insects but were most abundant in park and grassland.  Leafhoppers and unidentified 
beetles are also worth mentioning.  Leafhoppers were notably abundant over open water, 
grassland, agriculture and high-density residential compared to the other habitats.  Unidentified 
beetles were notably abundant in agriculture compared to the other habitats.  Unidentified beetles 
were the most common insect in agriculture compared to the other insects.  The only other 
notably abundant insects were moths, which were somewhat more common over open water and 
high-density residential than other habitats.  The other insect types occurred in very small 
numbers and were not notably abundant in any one habitat (table 8) 
Open water had the highest average number of prey insects captured per sticky trap, 
followed by agriculture, grassland, park, high-density residential, low-density residential, forest, 
commercial and transportation (Table 8). 
There was some variation between the average number of prey insects captured on sticky 
traps in each habitat type (figure 8).  An ANOVA confirmed that the average number of prey 
insects captured per sticky trap did vary slightly significantly between habitat types (F= 1.98, P= 
0.05, df= 8).  A post-hoc test comparing individual habitats showed that open water, agriculture 
and grassland habitats had significantly more insects than transportation habitat (Table 7b). 
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Seasonal variation in the number of prey insects captured on sticky traps 
The average number prey insects captured on sticky traps during each sampling date 
varied most between dates within seasons (figure 9).  Nested ANOVA results show that the 
average number of prey insects captured per sticky on each sampling date was strongly  
significantly different between dates within seasons (F= 2.67, P= <0.01, df= 15) but did not vary 
significantly between seasons (F= 2.69, P= 0.10, df= 15). 
Do red bats select habitats with the most prey insects? 
The availability of prey insects in each habitat type did not correlate significantly with 
habitat selection (Figure 5c). 
Evening bats 
Major foods  
From a previous study, the major foods of evening bats (by percent volume diet) are 
unidentified beetles, leafhoppers, cucumber beetles, carabid beetles, scarabaeid beetles, ants 
(Formicidae), moths and caddisflies (Trichoptera) (Table 9). 
Major food items captured on sticky traps 
Of the major foods of this species, leafhoppers were the most common insect captured on 
sticky traps at IND, followed by unidentified beetles, ants, carabid beetles, moths, scarabaeid 
beetles and cucumber beetles (Table 9).  Caddisflies were not captured in any habitat. 
Comparison of the major foods captured on sticky traps by habitat 
Leafhoppers were most abundant in open water, grassland, agriculture and high-density 
residential.  Unidentified beetles were also highly abundant compared to the other insects but 
were most notably abundant in agriculture compared to the other habitats.  Carabid beetles were   22 
 
notably abundant over open water and agriculture as compared to other habitats.  Moths were 
notably more abundant over open water and high-density residential as compared to the other 
habitats.  Ants are also worth mentioning, as they were markedly more abundant over open water  
and commercial habitats than in any other habitats.  The other insect types occurred in very small 
numbers and were not notably abundant in any one habitat (table 9). 
Open water had the highest average number of prey insects captured per sticky trap,  
followed by agriculture, commercial and high-density residential, grassland, park, low-density 
residential and forest and transportation (table 9).  
There was some variation between the average number of prey insects captured on sticky 
traps in each habitat type (figure 10).  However, an ANOVA test showed that the average 
number of prey insects captured per sticky trap did not vary significantly between habitat types 
(F= 1.44, P= 0.18, df= 8).  
Seasonal variation in the number of prey insects captured on sticky traps 
The average number prey insects captured on sticky traps during each sampling date 
varied most between dates within seasons and slightly less so between seasons (figure 11).  
Nested ANOVA results confirmed that the average number of prey insects captured per sticky on 
each sampling date was strongly significantly different between dates within seasons (F= 2.62, 
P= <0.01, df= 15) and significantly different between seasons. (F=5.43, P= 0.01, df= 15).  
Do evening bats select habitats with the most prey insects? 
The availability of prey insects in each habitat type did not correlate significantly with 
habitat selection (Figure 5d). 
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Discussion 
 
Comparison of habitat types in terms of numbers of major foods captured on sticky traps 
The habitats from which insects were sampled were agriculture, forest, low-density 
residential, park, open water, commercial, transportation corridors, grassland and high-density 
residential.  I compared habitats in terms of how many insects (the major foods of the bats) were 
captured on sticky traps in each habitat type. 
Although the nine habitats mostly had the same types of insects, the numbers captured on 
sticky traps varied between habitats.  However, only the major foods of big brown bats and 
eastern red bats varied significantly between habitats when all of the habitats were compared 
together.  The post-hoc test done for those two significant results revealed that only some of the 
habitats really had significantly different numbers of major foods.  In terms of the major foods of 
big brown bats, agriculture had significantly more insects than transportation, low-density 
residential, forest, commercial and park.  In terms of the major foods of red bats, open water, 
agriculture and grassland had significantly more prey insects than transportation.  The ANOVA 
result for the red bat data was only just barely significant and this is probably why fewer habitats 
were significantly different.  It was not surprising to find that insect abundance varied between 
some habitats.  However, I had expected more of the habitats to differ when compared one on 
one.   
As expected, the open water habitats usually had the highest abundances of prey insects.  
Unexpectedly, agriculture had one of the highest abundances of prey insects.  I had expected   24 
 
agricultural fields to be incapable of supporting large numbers or varieties of insects because 
they lack habitat diversity.  I was also surprised to find that forest always had an abundance of 
insects similar to that of the highly developed commercial and transportation habitats.  In fact, it 
consistently had one of the lowest abundances of prey insects of any habitat.  High-density 
residential also had a higher number of prey insects than expected.  I had expected that a 
“natural” habitat like forest would have more insects than more “developed” habitats such as 
agriculture, commercial and residential.  However, since this is a fragmented landscape, and 
developed habitats and natural habitats often abut one another, there is likely some overlap 
between habitats.  For instance, although it agricultural habitats appeared to support a large 
number and diversity of insects, it is possible that it is not the agricultural fields that support this 
abundance, but rather edge habitats bordering the fields.  Similarly, the edge of a strip mall may 
have higher productivity where it abuts a water source or unmaintained field.  The only way to 
know is to sample insects from several locations within each habitat block.   
I also wanted not only to see how the capture rates of prey insects differed across spring, 
summer and fall, but how much difference there was between sampling dates within each season.  
The abundances of the bats major foods were very highly significantly different between sample 
dates.  With such strong variation in capture rate between sample dates, I had expected the 
variation between seasons to also be large because many insects are ephemeral or seasonally 
abundant.  However, only capture rates of the major foods of big brown bats and evening bats 
were significantly different.   The number of samples taken in each season were very different,  
with fall having only three sample dates.  It is possible that a larger sample size or more even 
sampling could yield different results.  25 
 
Comparison of the abundance of bat prey in the nine habitats at IND to where bats choose 
to forage 
If bats choose habitats based on the availability of their preferred prey, the habitats which 
are most important to bats should be those with the most prey insects.  For instance, if Indiana 
bats went where their major foods were most abundant, they should spend most of their time in 
agriculture, grassland and over open water.  As it is, they spend most of their time foraging in 
forest and agriculture (Sparks et al. 2005).  While agriculture did have a high abundance of 
insects, forest has a comparatively low abundance of prey.  Alternatively, open water is a less 
important habitat to Indiana bats but has one of the highest abundances of their major foods.  If 
big brown bats, a more urban species than Indiana bats, foraged where their major foods are most 
abundant, they should spend most of their time in agricultural fields and over open water.  They, 
like Indiana bats, spend most of their time in forest and agriculture (Duchamp et al. 2004).   
Bats do preferentially select foraging habitats and select prey from among the available 
insects in these locations (Whitaker 1994, Whitaker 1995, Whitaker 2004) but, based on this 
study, they do not appear to choose habitats with the most prey insects.    Surprisingly, the 
habitat used most by all four bat species, forest, consistently had the fewest prey insects.  There 
are several possible explanations for this, including the possibility that bats spend little time 
actually foraging in interior forest, where I collected insects, or above the forest canopy and 
along the forest edges, where I did not collect insects.  There do not appear to be any consistent  
patterns however.  Some of the habitats containing the most insects are used frequently by bats 
while others, having similarly high numbers of prey, are rarely used.   
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These conclusions lend support to the contention that bats do not discriminate between 
habitats based solely on prey availability.   
Differential trap success 
Insect availability studies tend to have some inherent biases resulting from sampling 
methods.  Therefore, the results of this study should be viewed with caution.  Below I address 
two potential issues associated with the insect trapping methods used in this study. 
1.  Small sample size  
Sticky trap poles captured relatively small numbers of insects per sticky card, thereby 
under-representing the range and abundances of insects present in the habitats.  This is likely due 
to the fact that a sticky trap pole has a small surface area relative to the size of a space (a habitat 
block) being sampled.   With only a total surface area of 2.1 m
2 (surface area of all sticky cards 
on one pole), one trap pole in an area of an acre or more in size certainly would have a limited 
reach.  Additionally, because the sticky traps were designed to be non-attractant, they only 
captured insects in their immediate vicinities.  However, this was necessary to reduce other, 
more serious, sampling biases.  Running several traps in each habitat location would increase 
sample size and make samples more representative. 
Despite this, there were some cases where P values where so high (Spearman correlation 
and nested ANOVA) that a larger sample size would not significantly change the outcomes of 
those tests. 
2.  Insect trap bias  
First, there are issues related to using one type of insect trap.  Obviously, no one type of 
insect trap will catch all types of insects.  To collect a reasonably representative sample, all   27 
 
insect types present in an area should have a relatively equal chance of being captured by the 
sticky trap; otherwise, a skewed picture of insect abundance could result.  The trick is to know 
which insects occur commonly and which do not.  Moths, beetles and flies, for instance, are 
important bat foods and are usually common (Whitaker 1994).  It is known that the insects which 
big brown bats eat most often are Diabrotica undecimpunctata, Carabidae, Scarabidae and 
Coleoptera.  These insects would be expected to be common in the habitats.  Data from the 
sticky traps indicate that D. undecimpunctata and Scarabidae were seldom caught while 
Carabidae and Coleoptera were very abundant.  However, it could be that D. undecimpunctata 
and Scarabidae were abundant in the habitats, but were simply not caught on the sticky traps or 
that Carabidae and Coleoptera were captured in higher numbers than they should have been by 
chance alone.  Such a skew would throw off the assessment of where the bats should forage if 
they forage where their preferred foods are most abundant.  There is no way to know, from this 
study, whether this was the case. 
Next, I address issues of bias resulting from inaccurate assessment of insect availability.  
Bats choose foraging habitats and select from available prey.  Therefore, it is difficult to know 
how closely our assessments of insect availability from sticky traps match insect availability to 
the bats.  To most accurately know what is really “available” to bats we need a broad picture.  
Bats fly to preferred foraging areas and insects that are available to foraging bats are often those 
that are in close proximity to their roosts (Whitaker 1994).  Therefore, assessing insect 
availability within the range of where bats forage, rather than only where they are feeding, 
should give a more accurate picture of true availability (Whitaker 1994).  In this study, I sampled 
from several habitats within the known foraging ranges of the bats at IND.   Additionally, I used   28 
 
previous diet studies to determine what the bats would most likely be eating.  I believe this gives 
a reasonably accurate picture of the insect availability at this location.   
Factors that influence foraging habitat selection by bats 
The purpose of this study was to get an idea as to why bats avoid foraging in urban areas.  
We know where bats forage at IND (Duchamp et al. 2004, Sparks et al. 2005b, Walters et al. 
2007) and we know how some of the major foods of the bats are distributed in this area.  We 
have seen that bats at IND do not always forage where their preferred foods are the most 
abundant.  As previously discussed, there are several possible factors which play a role in 
foraging habitat selection by bats and which may help to explain why some bats avoid urbanized 
areas.  In addition to prey availability, competition, predation risk, availability of roosting sites 
and environmental disturbances may also be factors that influence where bats forage.  It is likely 
that bats will choose habitats that are less productive in prey as long as those habitats have other 
attractive attributes.  Optimal foraging studies of birds (Schneider 1984, Suhonnen 1984) and 
desert rodents (Hay et al. 1981, Kotler 1984) have shown that foragers often choose less 
productive habitats when predation risk and/or competition are high in more potentially 
productive habitats.  It is not unreasonable to expect that bats would do the same thing.    Bats 
are preyed upon by a wide range of species, although there is little predation on most bat species, 
(Sparks et al. 2000) and some behaviors of bats, such as nocturnal flight, are hypothesized to be 
predator avoidance adaptations (Speakman 1991, 1995; Jones et al. 2003). All of these factors 
are probably not exclusive of one another and most are interrelated at more than one level.   
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Although no correlation was found between prey availability (mean prey insects per sticky trap 
in each habitat) and habitat selection, some habitats did have fairly significantly different 
abundances of prey insects.  And, agriculture and low-density residential habitats,  
which are used with high relative frequency by foraging bats, did tend to have higher numbers of 
their preferred foods.  Also, the fact that the sticky traps captured, with some exceptions, the 
same range of insects that the bats eat is probably more than a coincidence.  Despite risks 
associated with searching for food, foragers must still try to maximize energy intake.  Thus, it 
seems likely that the availability prey does play at least some role in where bats go. 
A note on the use of sticky traps to sample insects 
The use of flagpole type sticky traps to collect insects was a novel experiment.  Overall, I 
found the design to be effective, but limited.   The use of a non-attractive paste allowed me to 
reduce some of the bias associated with other insect trapping methods (light traps, pheromones, 
etc.) and the vertical pole design allowed me to sample flying insects from a realistic span of 
height.  This sampling is not without bias as I noticed a conspicuous absence of some insects that 
are normally abundant, namely mosquitoes, moths, Scarabidae and Diabrotica undecimpunctata 
beetles, and a seemingly high occurrence of other species, namely nematoceran flies and winged 
ants.  This may be because the sticky cards on the poles have a relatively small surface area 
compared to the size of the habitat they are in and only catch insects which fly directly into them.  
Because they only capture insects in their immediate vicinity, they may also over or under  
represent swarming insects.  These issues can be partly countered by running a large number of 
samples.  However, the time required to set traps up and the need to have all active within a 
small window of time (i.e. within1 hour of sundown) limited me to using one pole per sample   30 
 
site.  This likely contributed to small sample sizes.   More traps could be placed per site where a 
crew of several people would be available to run them.  Finally, these traps are limited by 
weather and are most effective in dry, non-windy conditions with temperatures over 50 degrees 
(F).  Despite these issues, I believe this method of sampling insects has much potential for future 
applications. 
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Tables 
 
Table 1.  Ranking of habitat types by importance to foraging Indiana bats at IND.  Rank was 
calculated by dividing percent habitat used by percent habitat available.  Ranks represent the 
frequency that habitats are used relative to their availability within the home ranges of the bats at 
IND.  Habitats are ranked from most (1) to least (8) used. 
 
Land Class 
 
Total available habitat (%)
1 
Percent  
habitat used 
(95% home 
range)
1 
 
Rank by use 
Forest 
Agriculture 
Low density residential 
Park 
Open water 
Commercial 
(commercial & 
transportation) 
 
Grassland (pasture) 
High density residential 
12.7 
30.9 
  3.0 
  1.4 
  0.9 
  7.2 
 
33.0 
11.0 
28.1 
50.1 
  4.5 
  2.0 
  0.9 
  3.8 
 
9.7 
0.9 
1 
2 
3 
4 
5 
6 
 
7 
8 
1Modified from Table 2 on Sparks et al. (2005). 
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Table 2.  Ranking of habitat types by importance to foraging big brown bat at INDs.  Ranks 
represent the frequency that habitats are used relative to their availability within the home  
ranges of the bats at IND.  Habitats are ranked from most (1) to least (6) used. 
 
Land Class  Rank by use
1 
Forest 
Agriculture 
     Crops 
     Grassland (pasture) 
 
Low density development 
(low density residential & park) 
 
Open water 
Transportation 
Urban (commercial & high density 
residential) 
1 
 
2 
 
 
3 
 
 
 
4 
 
5 
 
6 
    1Modified from Table 2b in Duchamp et al. (2004). 
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Table 3.  Ranking of habitat types by importance to foraging eastern red bats at IND.  Rank 
represents how the frequency that habitats are used by foraging red bats relative to their 
availability within the bats home ranges at IND.  Habitats are ranked from most (1) to least (9) 
used. 
Land Class  Rank by use
1 
Forest 
 
Grassland (grazed/unmaintained grassland & 
tree plantations <5 yrs. old) 
 
Open water 
 
Park 
 
Low Density Residential 
 
Agriculture 
 
High Density Residential 
 
Transportation Corridors 
 
Commercial 
1 
 
2 
 
 
 
3 
 
4 
 
5 
 
6 
 
7 
 
8 
 
9 
    1Modified from Walters et al. (2007) 
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Table 4.  Ranking of habitats by importance to foraging evening bats at IND.  Rank represents 
the frequency habitats are used by foraging evening bats relative to their availability within the 
bats home ranges at IND.  Habitats are ranked from most (1) to least (6) important.  
Land Class  Rank by use
1 
Agriculture (row fields & grasslands/pasture) 
 
Forest 
 
Transportation 
 
Low Density Residential  (residential & parks) 
 
Open water 
 
Urban (high density residential & commercial) 
 
1 
 
2 
 
3 
 
4 
 
 
5 
 
6 
 
 
 
 
 
 
 
 
 
 
 
1Modified from Figure 2 in Duchamp et al. (2004). 
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Table 5.   
Most important foods of Indiana bats and total number of the most important food insects 
captured on sticky traps in each habitat.    Insect types that represent < 2% of the percent volume 
of the bats diet have been removed.  Habitats are ranked from most (1) to least (9) prey insects.  
Habitat abbreviations are as follows: CO = commercial, RH = high density residential, RL = low 
density residential, TR = transportation, AG = agriculture, FO = forest, PK = park, PS = 
grassland, OW = open water. 
Major foods
1  Prey Insects Captured per Sticky Trap in Habitats 
 
Food 
 
% 
volume 
 
 
AG 
 
FO 
 
RL 
 
PK 
 
OW 
 
CO 
 
TR 
 
PS 
 
RH 
 
Total 
Lepidoptera 
Diptera 
(unidentified) 
Curculionidae 
Ichneumonidae 
Other/unknown 
Carabidae 
 
37.3 
22.7 
 
10.6 
5.0 
4.5 
2.3 
1 
44 
 
2 
0 
17 
26 
2 
28 
 
6 
1 
2 
1 
10 
39 
 
2 
0 
4 
0 
0 
55 
 
0 
3 
4 
9 
11 
46 
 
5 
1 
15 
9 
1 
22 
 
1 
0 
5 
4 
2 
20 
 
4 
1 
5 
12 
3 
55 
 
2 
1 
11 
6 
7 
34 
 
5 
1 
5 
2 
37 
343 
 
27 
8 
68 
69 
Total  90  40  55  80  87  33  44  78  54   
Mean insects per sticky trap  5.0  2.4  3.2  4.1  4.8  1.8  2.6  4.6  3.0 
Best habitat by insects  1  8  5  4  2  9  7  3  6 
 
1Tuttle et al. (2006) 
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Table 6.  Most important foods of big brown bats and total number of the most important food 
insects captured on sticky traps in each habitat.    Insect types that represent < 2% of the percent 
volume of the bats diet have been removed.  Habitats are ranked from most (1) to least (9) prey 
insects.  Habitat abbreviations are as follows: CO = commercial, RH = high density residential, 
RL = low density residential, TR = transportation, AG = agriculture, FO = forest, PK = park, PS 
= grassland, OW = open water. 
 
Major foods
1  Prey Insects Captured per Sticky Trap in Habitats 
 
Food 
 
% 
volume 
 
 
AG 
 
FO 
 
RL 
 
PK 
 
OW 
 
CO 
 
TR 
 
PS 
 
RH 
 
Total 
Diabrotica 
Carabidae 
Scarabaeidae 
Coleoptera 
(unidentified) 
Pentatomidae 
Cicadellidae 
Ichneumonidae 
Hemerobiidae 
29.6 
21.8 
19.7 
12.3 
 
6.5 
2.0 
2.0 
2.0 
0 
26 
1 
38 
 
0 
26 
0 
2 
0 
1 
1 
14 
 
0 
8 
0 
0 
0 
0 
0 
6 
 
0 
7 
0 
0 
1 
9 
0 
10 
 
0 
15 
0 
1 
0 
9 
2 
17 
 
0 
33 
0 
0 
 
0 
4 
0 
6 
 
0 
17 
0 
0 
0 
12 
0 
4 
 
0 
4 
1 
0 
1 
6 
2 
12 
 
0 
30 
1 
0 
1 
2 
2 
17 
 
0 
25 
1 
0 
3 
69 
8 
124 
 
0 
166 
3 
3 
Total  93  24  13  36  61  27  22  52  48   
Mean insects per sticky trap  5.2  1.4  1.2  2.1  3.7  1.5  1.2  3.0  2.7 
Best habitat by insects  1  7  8  5  2  6  9  3  4 
1Whitaker (2004)  40 
 
Table 7.  Results of Duncan’s post-hoc test following one-way analysis of variance.  Prey insect 
numbers were adjusted for big brown and eastern red bats based on their known diets.  Results 
show habitats which had significantly different average numbers of prey insects captured per 
sticky trap.   
 
a.  Eptesicus fuscus 
 
Mean prey insects per sticky trap 
Subset for α= 0.05 
Habitat  N  1  2 
Agriculture 
Transportation 
Residential-low 
Forest 
Commercial 
Park 
18 
17 
17 
17 
18 
17 
5.22   
1.12 
1.24 
1.41 
1.50 
2.12 
Sig.    0.011  0.093 
c.  Lasiurus borealis  Mean prey insects per sticky trap 
Subset for α= 0.05 
Habitat  N  1  2 
Transportation 
Open water 
Agriculture 
Grassland 
17 
18 
18 
18 
1.65   
5.78 
5.94 
6.06 
Sig.    0.082  0.070  41 
 
Table 8.  Most important foods of eastern red bats and total number of the most important food 
insects captured on sticky traps in each habitat.    Insect types that represent < 2% of the percent 
volume of the bats diet are removed.  Habitats are ranked from most (1) to least (9) prey insects.  
Habitat abbreviations are as follows: CO = commercial, RH = high density residential, RL = low 
density residential, TR = transportation, AG = agriculture, FO = forest, PK = park, PS = 
grassland, OW = open water. 
Major foods
1  Prey Insects Captured per Sticky Trap in Habitats 
 
Food 
 
% 
volume 
 
 
AG 
 
FO 
 
LR 
 
PK 
 
OW 
 
CO 
 
TR 
 
PA 
 
RH 
 
Total 
Lepidoptera 
Cicadellidae 
Scarabaeidae 
Gryllidae 
Diptera 
(unidentified) 
Hemerobiidae 
Coleoptera 
(unidentified) 
 
64.4 
10.7 
7.2 
5.0 
3.8 
 
2.8 
2.5 
1 
26 
1 
1 
38 
 
2 
38 
2 
8 
1 
1 
23 
 
0 
14 
5 
7 
0 
0 
37 
 
0 
6 
1 
15 
0 
1 
55 
 
1 
10 
10 
33 
2 
2 
45 
 
0 
17 
1 
17 
0 
1 
23 
 
0 
6 
2 
4 
0 
0 
17 
 
0 
4 
1 
30 
2 
0 
53 
 
0 
12 
7 
25 
2 
0 
33 
 
0 
17 
30 
165 
8 
6 
324 
 
3 
124 
Total  107  49  55  83  109  48  27  98  84   
Mean insects per sticky trap  5.9  2.9  3.2  4.9  6.1  2.7  1.6  5.8  4.7 
Best habitat by insects  2  7  6  5  1  8  9  3  4 
1Whitaker (2004)  42 
 
Table 9.  Most important foods of evening bats and total number of the most important food 
insects captured on sticky traps in each habitat.  Insect types that represent < 2% of the percent 
volume of the bats diet have been removed.  Habitats are ranked from most (1) to least (9) prey 
insects.  Habitat abbreviations are as follows: CO = commercial, RH = high density residential, 
RL = low density residential, TR = transportation, AG = agriculture, FO = forest, PK = park,  
PS = grassland, OW = open water. 
Major foods
1   Prey Insects Captured per Sticky Trap in Habitats 
 
Food 
 
% 
volume 
 
 
AG 
 
FO 
 
LR 
 
PK 
 
OW 
 
CO 
 
TR 
 
PA 
 
RH 
 
Total 
Coleoptera 
(unidentified) 
Cicadellidae 
Diabrotica 
Carabidae 
Scarabaeidae 
Formicidae 
Lepidoptera 
Trichoptera 
 
 
26.1 
 
19.7 
19.3 
8.8 
3.6 
3.3 
3.2 
2.2 
38 
 
26 
0 
26 
1 
4 
1 
0 
14 
 
8 
0 
0 
1 
4 
2 
0 
6 
 
7 
0 
7 
0 
4 
5 
0 
10 
 
15 
1 
9 
0 
13 
1 
0 
17 
 
33 
0 
15 
2 
38 
10 
0 
 
6 
 
17 
0 
5 
0 
34 
1 
0 
4 
 
4 
0 
9 
0 
2 
2 
0 
12 
 
30 
1 
5 
2 
1 
1 
0 
17 
 
25 
1 
2 
2 
8 
7 
0 
124 
 
165 
3 
78 
8 
108 
30 
0 
Total  96  29  29  49  115  62  21  52  62   
Mean insects per sticky trap  5.3  1.7  1.7  2.9  6.4  3.4  1.2  3.1  3.4 
Best habitat by insects  2  6  6  5  1  3  7  4  3 
1Whitaker (2004) 
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Figures 
 
Figure 1.  Insect trap consisting of nine 13 cm x 20 cm index cards coated with Tanglefoot Insect 
Trap ®, raised on a 5 m flagpole and spaced at 0.5 m intervals using a rope and pulley. 
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Figure 2.  Locations of insect traps throughout the study area at IND.  45 
 
Figure 3.  Variation in average number of prey insects captured on sticky traps across all 9 
habitats.  Insects counted are only the major foods of Indiana bats (≥ 2%), as determined from a 
previous diet study.  Habitats are divided between those considered developed and undeveloped.  
Boxes show middle 50% of values.  Upper and lower limits are delineated by dots.  Habitat 
abbreviations are as follows: CO = commercial, RH = high density residential, RL = low density 
residential, TR = transportation, AG = agriculture, FO = forest, PK = park, PS = grassland,  
OW = open water.  46 
 
Figure 4.  Variation in average number of prey insects captured per sticky trap across seasons 
and dates within seasons for all habitats combined.  Insects counted are only the major foods of 
Indiana bats (≥ 2%), as determined from a previous diet study.  Boxes show middle 50% of 
values.  Upper and lower limits are delineated by error bars.   
  47 
 
Figure 5.  Results of Spearman correlations comparing average number of prey insects per 
habitat type and the habitat use patterns of bats.  The average number of prey insects is the 
average number of prey insects captured per sticky trap in each habitat type.  Habitats were 
ranked by their frequency of use by foraging bats relative to their availability within the bats 
home ranges.  Prey insect numbers were adjusted for each of the four bat species based on their 
known diets.  Habitat abbreviations are as follows: FO = forest, TR = transportation, CT = 
commercial + transportation, RH = high density residential, LH = low density residential,  
PS = grassland, PK = park, AG = agriculture, OW = open water, UR = urban. 
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Figure 6.  Variation in average number of prey insects captured on sticky traps across all 9 
habitats.  Insects counted are only the major foods of big brown bats (≥ 2%), as determined from 
a previous diet study.  Habitats are divided between those considered developed and 
undeveloped.  Boxes show middle 50% of values.  Upper and lower limits are delineated by dots.  
Habitat abbreviations are as follows: CO = commercial, RH = high density residential,  
RL = low density residential, TR = transportation, AG = agriculture, FO = forest, PK = park,  
PS = grassland, OW = open water. 
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Figure 7.  Variation in average number of prey insects captured per sticky trap across seasons 
and dates within seasons for all habitats combined.  Insects counted are only the major foods of 
big brown bats (≥ 2%), as determined from a previous diet study.  Boxes show middle 50% of 
values.  Upper and lower limits are delineated by error bars.    50 
 
Figure 8.  Variation in average number of prey insects captured on sticky traps across all 9 
habitats.  Insects counted are only the major foods of eastern red bats (≥ 2%), as determined from 
a previous diet study.  Habitats are divided between those considered developed and 
undeveloped.  Boxes show middle 50% of values.  Upper and lower limits are delineated by dots.  
Habitat abbreviations are as follows: CO = commercial, RH = high density residential,  
RL = low density residential, TR = transportation, AG = agriculture, FO = forest, PK = park,  
PS = grassland, OW = open water. 
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Figure 9.  Variation in average number of prey insects captured per sticky trap across seasons 
and dates within seasons for all habitats combined.  Insects counted are only the major foods of 
eastern red bats (≥ 2%), as determined from a previous diet study.  Boxes show middle 50% of 
values.  Upper and lower limits are delineated by error bars.    52 
 
Figure 10.  Variation in average number of prey insects captured on sticky traps across all 9 
habitats.  Insects counted are only the major foods of evening bats (≥ 2%), as determined from a 
previous diet study.  Habitats are divided between those considered developed and undeveloped.  
Boxes show middle 50% of values.  Upper and lower limits are delineated by dots.  Habitat 
abbreviations are as follows: CO = commercial, RH = high density residential,  
RL = low density residential, TR = transportation, AG = agriculture, FO = forest, PK = park,  
PS = grassland, OW = open water.  53 
 
Figure 11.  Variation in average number of prey insects captured per sticky trap across seasons 
and dates within seasons for all habitats combined.  Insects counted are only the major foods of 
evening bats (≥ 2%), as determined from a previous diet study.  Boxes show middle 50% of 
values.  Upper and lower limits are delineated by error bars.   
 
 
 
 
 
 